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In the past, descriptions of the skin changes due to deficiency of
vitamin B6 in the rat were based on studies in which the deficiency
was complicated by deficiencies of other components of the com-
plex (1). In order to evaluate some of the original descriptions
of the vitamin B6 deficiency thus produced, two groups of young
rats, totalling twenty animals, were fed a diet which was planned
to approximate a typical ration such as investigators used to
produce vitamin B6 deficiency dermatitis at the time immediately
following the isolation of thiamin and riboflavin (ib). It con-
sisted of casein, (acid washed) 18 per cent, sucrose, 66 per cent,
McCollum Salts 51, 6 per cent, butter fat (washed), 8 per cent
and cod liver oil 2 per cent. Two mgm. of thiaminl and 1.5 mgm.
of riboflavin2 per kilogram of diet were added in solution to the
casein and thus incorporated into the whole diet.
During the first week after the diet was started there was an
approximately normal gain in weight. In the following two to
four weeks the weight increase was not maintained but there was
a fairly constant weekly gain of two to three grams during the
succeeding several weeks.
The first sign of cutaneous involvement occurred during the
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1 Merck's synthetic vitamin B1.
2Winthrop's Lactofiavin Concentrate.
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seventh and eighth weeks and consisted of the symmetric derma-
titis of the paws typical of vitamin B6 deficiency (2). The
eruption at times was eczematous and there were frequent remis-
sions. The submental region, the neck and the chest were never
involved regardless of the length of survival of the animal.
A high per cent of the rats showed dermatitis of the ears. Fol-
lowing an initial, intensely erythematous stage of short duration,
scaling appeared first on the helix and then on the anthelix.
Often the scales were combined with crusts and presented a brown
color and a greasy consistency. At the same time there was an
accompanying edema of the ears. As the scaling spread over the
pinna onto the outer side of the auricle and downward into the
concha, the normal smooth contour was destroyed and was
replaced by a wrinkled, shrunken distorted mass (fig. 1, a). His-
tologically there was hyperkeratosis and occathonally parakera-
tosis. There was a patchy acanthosis with some intra-epidermal
vesiculation, extensive edema and a dist&rtion of the cartilage
into an irregularly folded snake-like shape (fig. 1 b, c, and d).
Following the administration of crystalline vitamin B6 the derma-
titis promptly underwent involution and the ear regained its
normal contour. Gyorgy (la, b) and Antopol and Unna (3)
have described dermatitis of the ears as a specific sign of vitamin
B6 deficiency. We failed to observe it in groups of rats fed a
diet which was designed to be deficient only in vitamin B6 (2),
and in which the filtrate components were supplied in a liver
extract prepared by the method of Lepkovsky and Jukes (4).
Since the publication of our paper Gyorgy and Eckardt (5) have
presented evidence indicating that the crude filtrate concentrate
thus prepared may contain traces of vitamin B8. This might
account for the absence of dermatitis of the ears in our previous
experiment.
An extremely interesting phenomenon often appeared after the
rats had ingested the diet for at least three months. It was
apparently independent of the severity of the symmetric derma-
titis of the paws and frequently it was seen after there was a partial
remission of the specific signs. It occurred more frequently in
Merck's synthetic crystalline vitamin B6.
Pie. 1. a. Note the scaling and crusting and the wrinkled, swollen, brittle
appearance of the ear. b. Section of normil ear X 10 showing the orderly linear
configeratlon of the cartilage. c. Section of Involved ear X 10. Note the
yperkeratosls, exteSve edema and snake like distortion of the cartilage causing
tM wrinkled, swollen appearance in a. d. Section of ear X 70 slinwinr hyper-
keratosis, psrakeratosis. patchy acanthosis edema. and diffuse infiláJe In the
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FIG. 2. a, upper left. Showing first and second stages of the process: first,
extensive edema and erythema, particularly of the first and fifth digits, second,
massive hemorrhage into the terminal and mid-phalanges of the second digit.
Note discoloration of the proximal portion of the nail.
b, center left. Showing gangrene of the terminal phalanges of the first and
second digits, constricting bands at the base of the second and third digits,
causing a "sausage-like" appearance, and the clear cut amputation of the fourth
digit.
. .
c, lower left. Showing involvement of multiple digits and the constrictingbands between several phalanges.
.
d, upper right. Illustrating the localization of the gangrene to the digit.The remainder of the paw shows no evidence of hemorrhage or discoloration.
e, center right. Showing dry, gangrenous stage of several digits and hemor-
rhages beneath the nails.
f, lower right. Showing clean cut amputations.
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the females than in the males. lJsually two to six digits were
affected. In a few rats however only one digit was involved.
The implicated digits suddenly became markedly edematous and
erythematous (fig. 2a). In some instances so swollen were the
digits that there was a complete obliteration of the interdigital
spaces (fig. 2). There was marked injection of all of the super-
ficial vessels of the interdigital surfaces and in the interphalangeal
webs. The terminal and mid-phalanges were always more
swollen than the proximal phalanges and thus a sausage-like
appearance was imparted to the afflicted digit (fig. 2b, c). In a
third of the animals there were two constricting bands on one
digit and in some cases one of the bands, usually the more distal,
was less constricting than the other. During this stage the digits
were exquisitely tender and the skin seemed to be stretched to a
point of bursting. The swollen phalanx or digit then became
hemorrhagic (fig. 2b). The hemorrhage was localized to the
involved digits (fig. 2a, b, d, e) and there were no signs of hemor-
rhage elsewhere. Usually the first evidence of hemorrhage was
remarked in a terminal phalanx and almost invariably the hiseding
extended beneath the nail plates so that on the following day the
involved phalanges (fig. 2a, b, d, e) and the proximal half of the
nails (fig. 2e) showed a purplish to black discoloration. For the
first day or two after the appearance of the hemorrhage, the
edema persisted but thereafter the involved phalanx or phalanges
became more deeply discolored, dry, wrinkled and hard (fig. 2b,
d, e). The gangrenous state lasted from two days to two weeks
and was always followed by a clean cut amputation at the joint
(fig. 2b, c, e), either in the moist and edematous or in the dry
state. In some cases, after the amputation, the base of the stump
healed rapidly and the small amount of edema and erythema on
the periphery of the ulcer on the stump soon subsided (fig. 2f).
In other cases, after the amputation, the end of the remaining
portion of the digit was bulbous and slightly inflamed for several
days (fig. 2c). When the terminal phalanx only was lost, hemor-
rhage into the remaining portion of the digit occurred a day or
two later and in a few days there was a repetition of the swelling
and purplish discoloration followed by dry gangrene and amputa-
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tion at the proximal joint (fig. 2c). In one rat to which crystalline
vitamin B6 was administered, the typical scaling and erythema
of the entire paw subsided, but a swollen and hemorrhagic single
stump failed to show any change. Hemoglobin studies of several
rats revealed no abnormalities.
In the writings of Gyorgy on the subject of vitamin B6 defi-
ciency, the following two references to necrosis of the paws were
found: "The paws undergo either a desquamation in small flakes
or larger scales, or else their dorsal surfaces become markedly
oedematous with a serous discharge associated in many cases
with gangrene of individual toes and secondary auto-amputation"
(la) and "In anderen Fallen sind die Ploten rot, glanzend,
ödematös, mit Neigung zu Nekrose (vorwiegend der Zehen) und
zeigen keine Schuppung, oder nur proximal an der Grenze gegen
die gesunden Hautebezirke" (6). Photographs and descriptions
of the gangrene and spontaneous amputation of the phalanges
were submitted to Dr. Gyorgy to determine whether we had
reproduced the same lesion. He had in his collection a photo-
graph of a rat showing clean cut multiple amputations quite
similar to those in figure 2f. In addition to the phalangeal ampu-
tations, Gyorgy's rat also showed a massive necrosis of the tail.
The diet used by Gyorgy was similar to the diet employed in this
experiment. Although necrosis of the tail was not observed by
us, there can be little doubt that the condition of the paws ob-
served by Gyorgy and by us was identical.
By nutritional means several investigators have produced
gangrene of the tail and paws and hemorrhages of the paws of
rats. These should be mentioned and considered in differential
diagnosis. Burr and Burr (7) observed gangrene of the tail and
the paws in one rat fed a fat free diet. Quackenbush and Steen-
bock (8) reported gangrene of the paws of rats fed a basal vitamin
B free diet totally deficient in fat and supplemented with thiamin
and riboflavin. No descriptive details of the gangrene were
given. It was cured by the administration of various fats includ-
ing butter fat. Since the basal diet we used contained 8 per cent
butter fat, it is likely that the genesis of the gangrene in the two
experiments was different. However there is evidence that there
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is a relation between the fat content of a diet and the require-
ments of vitamins of the B complex (9, 10). Nevertheless in
numerous other studies on various deficiencies of vitamins of the
B complex, we have employed the same basal diet and have never
observed gangrene or spontaneous amputation of the digits in
experiments that have extended over periods as long as nine
months. Oleson, Bird, Elvehjem and Hart (11) using diets
similar to those of Quackenbush and Steenbock, found am&ng
other signs, a condition characterized by subcutaneous hemor-
rhages and purpura of the paws and bleeding from the nose.
Their animals succumbed soon after these signs appeared and in
some, examination of the blood showed definite reduction of the
hemoglobin. These investigators were of the opinion that the
sign resembled the panmyelophthisis described by Gyorgy et al.
(12), but they were unable to prevent it with nicotinic acid.
Oleson and his collaborators also failed to give any descriptive
details of this hemorrhagic state of the paws. it is likely that it
was not identical with the condition herein described. Char-
acteristic of the phenomenon in our rats was its limitation to the
digits.
Also to be considered in differential diagnosis is the interesting
gangrenous lesion of the toes which Harkavy (13) produced by
injecting tobacco extracts into male rats. In addition to the
obvious etiologic differences there are also gross and microscopic
distinctions. Cyanosis of the entire paw always preceded the
gangrene in Harkavy's rats, and microscopically the vascular
changes were not similar.
HISTOLOGIC FINDINGS
Skin sections were secured from every portion of the animals.
The skin of the trunk showed practically no alteration in the
thickness of the epidermis except in a few of the animals that
had survived for very long periods. In these there was a partial
atrophy of some of the sebaceous glands and many of the hair
follicles showed some dilatation. Such changes in the late stage
Data to be published.
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of any nutritional experiment have not too much significance and
probably represent the non-specific effect of deficiency or inani-
Fm. 3. a, upper left. First stage showing hyperkeratosis and aeanthosis.
b, center left. Next stage showing aeanthosis with intra-epidermal vesicula-
tion and bulla formation.
c, lower left. Showing extensive dilatation and hyperemia of the blood vessels
throughout the corium (X 200).d, e, f, showing the massive hemorrhage into the periarticular areas and the
destruction of the bone.
tion. Wolbach has emphasized the importance of the non-specific
pathologic manifestations of deficiency (14).
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Many sections from the paws were studied. The dorsa of the
fore and hind paws and the plantae showed changes which were
identical with those which were described in detail elsewhere (2)
as characteristic of uncomplicated vitamin B6 deficiency.
Sections from the digits showed the following changes: At the
period of earliest detectable gross signs of involvement there
was an acanthosis (fig. 3a) which was identical with the patchy
proliferation of basal type cells observed in sections from the
vitamin B6 deficient rats. There were advanced intra-epidermal
vesiculation and bullae (fig. 3b) and some edema of the corium.
The next stage was characterized by a striking dilatation of the
blood vessels (fig. 3c). These numerous closely packed hyperemic
blood vessels resembled those observed in hemangiomata. Dur-
ing this stage there was little or no free hemorrhage into the
corium as contrasted with the diffuse free hemorrhage that has
been observed in experimental nutritional panmyelophthisis of the
rat (12). The next stage was one in which there was necrobiosis
of the connective tissue (fig. 3d). It became homogeneous,
anuclear and basophific. Adjacent to the areas of gangrene
there was an infiltrate composed of lymphocytes and larger
mononuclear cells (fig. 3d). Very few polymorphonuclear cells
were found in these sections. The sebaceous glands and the coil
glands were unaffected until the terminal stage. There was
massive hemorrhage into the periarticular tissue as well as the
subcutaneous tissue which resulted in subsequent destructive
changes of the bone and hemorrhage into the joint capsule (fig.
3d, e, f). From these findings it appears that the swelling,
gangrene and subsequent amputation was a result of sudden
intense edema, followed by hyperemia, vascular stasis and
sequential gangrene.
SUMMARY AND CONCLUSIONS
1. Groups of rats were fed a basal vitamin B free diet supple-
mented with thiamin and riboflavin. The diet was therefore
deficient in vitamin B6 and the filtrate components.
2. After a period of seven or eight weeks there appeared typical
manifestations of the peripheral dermatitis of the paws and nose,
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which are associated with deficiency of vitamin B6. The onset
and severity of these signs were variable and remissions were
frequent. There was a high per cent of dermatitis of the ears.
3. A lesion of the digits developed in about 60 per cent of the
animals late in the experiment. It was apparently independent
of the severity of the peripheral dermatitis. The implicated
digit or digits suddenly became quite edematous and ery-
thematous. Localized hemorrhage occurred in the skin and
was followed by gangrene and spontaneous amputation of the
affected digit. Histologically there were intradermal vesicula-
tion, bulla formation and edema of the corium, followed by the
appearance of closely aggregated, dilated and hyperemic blood
vessels and later by necrobiosis. No evidence of endarteritis was
found. There was no blood disturbance and therefore the lesion
was not due to a dyscrasia.
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